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Introduction
The idea that neurotransmitter dynamics are persistent traits of individuals, and have a genetic basis, has been strengthened by the demonstration of significant correlation between behavioral measures and polymorphisms at genetic loci involved in pathways of production and deployment of the monoaminergic neurotransmitters (Emanuele et al. 2007; Klein et al. 2007 ). Monoaminergic activity is reflected in cerebrospinal fluid (CSF) levels of the respective metabolites: 3-methoxy-4-hydroxyphenylglycol (MHPG), the norepinephrine metabolite; 5-hydroxyindoleacetic acid (5-HIAA), the serotonin metabolite; and homovanillic acid (HVA), the dopamine metabolite. For example, by using CSF metabolite concentrations as indicators of transmitter release and turnover, researchers documented, an inverse association between serotonergic activity and aggressiveness in vervets (Cercopithecus sabaeus) and macaques (Macaca sp.) (Botchin et al. 1993; Higley et al. 1992a; Raleigh et al. 1992) , and violence and impulsiveness in humans (Asberg et al. 1986; Berman et al. 1997; Brown et al. 1982; Manuck et al. 2005) .
Researchers have linked relatively high central serotonergic activity to positive social interaction in human subjects (Knutson et al. 1998) and in male macaques (Botchin et al. 1993; Higley et al. 1992a) . Conversely, a low HVA/5-HIAA ratio, i. e., relatively high serotonin activity by this measure, is associated in humans with depression, attempted suicide, and attention-deficit hyperactivity disorder (ADHD)-associated behavior in children (Soderstrom et al. 2003) . Gene-environment interaction has been demonstrated in macaques (Macaca mulatta) among carriers of a low-expressing serotonin transporter gene promoter allele, wherein peer-reared individuals have lower CSF 5-HIAA levels in adulthood and more pronounced aggressive behavior than those of maternal-reared controls (Suomi 2006) .
To primatologists, such associations are of interest because they might represent persistent personality traits of individuals that help to determine both intragroup dynamics, e.g., the coexistence of more and less aggressive animals, and alternative life-history strategies, e.g., the readiness of a male rhesus monkey (Macaca mulatta) to leave his natal group before breeding (Howell et al. 2007; Kaplan et al. 1999; Mehlman et al. 1997) .
Materials and Methods

Data Analysis
Before analysis, we transformed all metabolite values to natural logarithms to normalize their distributions and to reduce variance. Initial examination showed that plots of metabolite concentrations against estimated age are very similar in slope in the 2 taxa, but the intercept for 5-HIAA is consistently higher in hamadryas. Because the period of initial storage at -20°C was shorter for the hamadryas samples, collected in 1997, and because 5-HIAA is reported to decline slowly in concentration under such conditions (Kobayashi et al. 1987; Langlais et al. 2001 ), we could not exclude the possibility that an artifact was responsible for the higher 5-HIAA in all hamadryas. We therefore adopted the conservative approach of expressing metabolite concentrations of juveniles and adults as a fraction of the mean values of infants tested in the same batch. Because batches and taxa are almost entirely coincident, calibrating against infant values by batch also meant that we calibrated all subjects against infants of their own taxon, with the significant exception of the anubis baboon caught in a hamadryas group in 1997. Though the approach prohibits cross-taxonal comparisons of absolute values, the infants provide standards from which to plot the ontogenetic trajectories for each taxon. The overall ranges of calibrated values, especially of 5-HIAA, were much closer in the 2 taxa than the raw values were. Significantly, the anubis baboon trapped in 1997 had raw values that fell far outside the range of its taxon, but its calibrated values situated it as expected, reinforcing our suspicion that a batch-specific storage effect, rather than a specific difference, underlay the distinction in the metabolite-on-age regression. We conducted all subsequent analyses on the log-transformed, calibrated values. We also computed the ratio of HVA to 5-HIAA. Several studies (Geracioti et al. 1998; Kahn et al. 1993; Lewine et al. 1991; Soderstrom et al. 2003; Vaughn et al. 1988) suggest that the ratio may be a more stable trait of individuals, and hence a more accurate index of dopaminergic activity, than the absolute values of the neurotransmitter metabolites. The method also controls for variance attributable to metabolite transport into and out of the CSF. Table 2 contains monoaminergic metabolite values for each subject. As in the pilot study (Kaplan et al. 1999) , linear correlations between pairs of metabolites are generally high and highly significant (Table 3) . We obtained similar results when the correlation was controlled for total metabolite concentration and in subsets defined by sex or by taxon (Table 4) . Within the subsamples, the correlation between 5-HIAA and HVA is consistently the strongest, at 0.8-0.9, while those involving MHPG are always lower and less significant statistically.
Results
Correlations among Metabolite Concentrations
Trajectories of Maturation
ANOVA by age-class, taxon, and sex over the whole data set indicated that age-class was the most consistently significant correlate for all metabolites, and the only significant correlate for 5-HIAA and HVA (Table 4) . As Kaplan et al. (1999) reported, total CSF monoamines, and all individual metabolite concentrations, correlate negatively with dental maturation in the sample as a whole, and in each subset (Table 3) . HVA is consistently the strongest correlate of dental development, against estimated age (Fig. 2) .
Discussion
Our previous work (Kaplan et al. 1999 ) and information derived from rhesus monkeys (Mehlman et al. 1995; Trefilov et al. 2000) , predicted that the anubis male's strong disposition to dispersal might be associated with taxon-specific, lower serotonergic activity, especially in the late-juvenile to early adulthood span, during which first dispersal typically occurs.
In hamadryas, metabolite values averaged over all adult males include a higher than predicted HVA/5-HIAA ratio, to which both metabolites contribute. However, inspection of the LOWESS-plotted trajectory, suggests that this is attributable largely to young adults (ca. 7-10 yr), which are strongly represented in our sample, depressing the mean for the whole adult age class. The HVA/5-HIAA ratio rises to a peak at ca. 9 yr, when it starts to decline. Two of the 3 sampled males >12 yr have much lower values, overlapping those of comparably aged male anubis. Most young adult males, though close to the adult mean in testicular size and body mass (Phillips-Conroy and Jolly 2004; Phillips-Conroy 2003, 2006) , are likely to be unattached bachelors or followers of an OMU, without an OMU of their own (Abegglen 1984; Kummer 1968) , an interpretation supported by our observations ad hoc at the trapping site.
Another striking difference between adult males of the 2 taxa is in MHPG levels, which in anubis are low, and continue to decline throughout adult life. The effect is presumably related to the age-related loss of noradrenergic neuron cell bodies in the locus coeruleus, but why it should distinguish the 2 taxa in our study is not obvious. Fecal samples from adult males immediately after trapping show significantly lower cortisol levels in male anubis than in hamadryas (Awash National Park Baboon Research Project, unpubl. data), reflecting a response to events preceding the trapping itself. Beehner (2004) showed that fecal cortisol levels in her study population of (hybrid) baboons were more elevated during the pretrapping period of intense competition around the baited traps than immediately after trapping. Further collections are needed to determine whether fecal cortisol levels differ consistently between anubis and hamadryas, or emerge only in a stressful context. In either case, the difference seems to parallel the species difference in MHPG.
